Regulation of calcium current by low-Km cyclic AMP phosphodiesterases in cardiac cells.
The voltage-gated Ca2+ current (ICa) in cardiac myocytes is regulated by cAMP-dependent phosphorylation. Although the regulation of ICa via mechanisms involving modulation of cAMP synthesis is well understood, the regulation of cAMP degradation has been less thoroughly investigated. The goal of the present study was to investigate the participation of different subclasses of cAMP phosphodiesterase (PDE) in regulating cAMP-dependent phosphorylation of Ca2+ channels in frog ventricular myocytes. Cardiomyocytes were isolated enzymatically and mechanically and were patch-clamped using the whole-cell configuration of the patch-clamp technique. The effects of various low-Km cAMP PDE inhibitors on ICa were examined. None of the inhibitors tested [milrinone, indolidan, 1-methyl 3-isobutyl xanthine (MIX), rolipram, or Ro 20-1724] were able to elevate ICa in the absence of elevated cAMP, although they all increased ICa in the presence of submaximal levels of cAMP. This result suggests that these compounds do not act directly on Ca2+ channels but rather modulate cAMP degradation. Half-maximal effects were observed with 1.4 microM milrinone and 3.4 microM MIX. Milrinone was effective when applied from either the extracellular or intracellular surface, whereas MIX was effective only when applied from the extracellular solution. In the presence of internal cGMP, which stimulates the cGMP-stimulated PDE, the low-Km cAMP PDE inhibitors had no effect on ICa, whereas high concentrations of MIX, which inhibit the cGMP-stimulated PDE, increased ICa. This would support the hypothesis that cGMP-stimulated PDE either has a much stronger capacity to hydrolyze cAMP or is more efficiently coupled to Ca2+ channels than the low-Km cAMP PDEs.